Many countries have significant interests in generating electricity using waves and tidal current technologies. In energetic areas, waves and tidal currents interact for modifying the energy resource and impacting on the design con- March 20, 2013 amplification diagrams are proposed to provide a convenient summary of wave-current effects at a particular site and allow a statistical analysis to be made. When performing resource analysis and site selection work for marine energy projects, wave-current interaction must be considered.
Introduction 1
Currently there is significant interest in the generation of renewable elec- waves in terms of the the two-dimensional wave action density spectrum.
35
The action density spectrum, N (σ, θ) = S(σ, θ)/σ, is used because action 36 density is conserved in the presence of currents, whereas energy is not. The 37 evolution of the wave energy spectrum is described using the spectral action The purpose of the study is to characterise how current at a specific loca- 
Wave Prediction Model

58
The wave field was computed using the wave prediction model, Simulating 
where N = N (σ, θ, x, t) is the wave action density, σ is the frequency of 63 the wave (in radians), and S is the energy density, determined based on 
where θ is wave direction, c g is group velocity, U is current velocity, c σ 68 and c θ are the propagation velocity for σ and θ spaces respectively, and S tot 69 represents the sum of the dissipation and generation of the wave energy (e.g.
70
due to the effects of wind, bottom friction, white capping and so on 
Validation
140
For each of the models described above, a validation exercise was con- series at each met-station, while dots are used for the observers data. In 
M e a n s i g n i f i c a n t w a v e h e i declines from about 7m to circa 4m. During phase 1, the waves are subjected 247 to a strong current in the same direction as the direction of wave propagation. simulations (at the points P 1, P 2 and P 3) on the wave field is shown in 
Characteristics of the Wave Power Field
270
The wave power (or wave energy flux per metre crest length) (IEC, 2011),
271
P , may be calculated by the following equation (assuming deep water),
where g is the acceleration due to gravity, T e is wave energy period and 
Wave Amplification Diagram
298
We define the wave amplification factor as
where H m0 | tide is the spectral estimate of the significant wave height in the 300 presence of the tidal current and H m0 | wave is the estimate in the absence of 301 tidal effects. For deep water waves, with a Rayleigh height distribution, this estimate is given by
where m 0 is the zeroth moment of the wave energy spectrum (Goda, 1985) . where the small amplitude assumptions break down, due to either a very 310 strong current velocity or a large wave height.
311
To represent the interaction of waves and currents at a specific location 312 in a format which is helpful for both technology developers and project de- • between the amplified and reduced regions.
331
For each of the points P 1 to P 3 the wave amplification factors have been 332 computed using the ratio of the significant wave heights using (5) from the 333 SWAN simulations. These datasets can then be investigated using circular 334 statistical techniques (Fisher, 1993) . The analysis presented has been per- treated as a complex unit vector, z = cos θ + i sin θ, and the resultant found,
The mean direction (in Radians) is given by,θ = argρ, the mean resultant the upper-quartile, median, and lower-quartile of the data sets respectively.
367
Linear quantile regression is based on minimising
to obtain the β th quantile. Cubic B-splines (with 15 degree of freedom 370 smoothing) have been fitted using the quantreg tool pack for R (Koenker, 
386
Using a non-parametric analysis it can be concluded that where this range 387 does not include the unit circle there is significant evidence to show that the 388 wave amplification factor is different from unity.
389
At P 1 this analysis shows that there is a small but significant reduction In contrast, P 2, (see Figure 15 ) has a strong tidal current of around 3ms 
20
• probably due to both the scatter and paucity of the data in this region. coexist with large waves.
424
The wave amplification diagram was proposed, and the relationship be-425 tween the wave amplification factor and relative direction of currents on the 426 waves based on the circular analysis with quantile regression was discussed.
427
The basic feature that the waves are amplified by the currents with the rela- 
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